EDITORIAL
During the early development of medicine, clinical diagnosis relied on symptoms, history, as well as the visual, auditory, tactile, and olfactory skills of the physician. More recently, advances of technology led to the development of the stethoscope, EKG machine, X-ray, etc. Another line of technology involved measurements of electrolytes and other substances in blood, urine and other body fluids. Most areas of medicine have greatly benefited from these advances especially in recent decades.
In addition to the clinical diagnostic use of imaging and laboratory tests on body fluids, these same types of measurements have been used in epidemiological studies, for assessment of risk , early detection of disease, leading to the development of risk prevention trials. A prominent example is cardiovascular disease. Even as clinicans argued how how myocardial infarctions should be diagnosed (e.g. how much to relay on symptoms, EKG, serum enzymes) a half century of work work demonstrated that hypertension and hyperlipidemia were risk factors for subsequent vessel disease.Treatment trials aimed at correction of biomarkers such as hyperlipidemia ultimately demonstrated the value of reducing cardiovascular risk factors. Many other examples of how medicine uses technology for early disease detection include use of the Prostatic Specific Antigen for prostate cancer and mammography to detect breast cancer. In each of these examples, there was always considerable debate concerning whether the biomarker (e.g. an imaging measurement, or laboratory test) provided a "valid" measurement of the disease process. Ultimately, validation required correlation between the biomarker and the ultimate clinical diagnosis and autopsy confirmation. Concerning treatment, validation meant that a treatment which affected the biomarker (e.g. by reducing lipid levels or blood pressure) ultimately had a beneficial clinical outcome (reduction of strokes and heart attacks).
For a variety of reasons (e.g. the brain being surrounded by the skull, brain function not easily quantified by technological measurements) the assessment of brain disorders has largely relied on traditional methods of assessing behavior and cognition. Early uses of technology to detect brain disorders included EEG, measurement of cerebral spinal fluid and brain imaging with X-Ray CT and MRI . However, even today most clinicians use imaging to "rule out" other causes of dementia, and the diagnosis of Alzheimer's disease primarily uses clinical information. Fortunately, this situation is now undergoing rapid evolution.
There are a number of candidate biomarkers which can be used for diagnosis, early detection, or monitoring progression of Alzheimer's disease. Structural MRI demonstrates hippocampal atrophy in demented and mildly impaired subjects.. Flurodeoxyglucose PET shows reduced glucose metabolism in the posterior cingulate gyrus and hippocampal regions. Recent studies with C-11 PIB and F18 amyloid ligands suggest that the brain amyloid load may be quantified. As expected, subjects with Alzheimer's almost all have high amyloid loads detected by such imaging techniques. A high fraction of MCI and a lower fraction of normal elderly also have high brain amyloid. Measurements of CSF obtained by lumbar puncture show that patient's with Alzheimer's disease have low CSF amyloid and elevated tau and phosphotau. A variety of proteins and other substances in blood also appear to change in Alzheimer's disease.
For many years its been known that many elderly subjects who appear cognitively normal for age, have evidence of Alzheimer's pathology at autopsy. An important question is: do normal elderly subjects with evidence for Alzheimer's pathology (e.g. small hippocampus, reduced posterior cingulate glucose metabolism, reduced CSF amyloid and elevated tau etc) have a higher risk for cognitive decline and ultimate conversion to dementia? Similarly, do subjects with MCI who have biomarker/imaging evidence for Alzheimer's pathology have a higher risk for future converstion to dementia?
This special (1-17) issue focuses on the use of various imaging techniques and biomarkers for Alzheimer's disease clinical trials. In this setting imaging/biomarkers have at least 4 uses: 1) As markers of progression. In this case, it is expected that a treatment which slows the rate of progression, would slow the rate of change of the biomarker. Brain atrophy, especially in the hippocampal region, is generally thought to be a good progression marker.
2) To stratify subjects into "groups" especially to identify AD pathology. There are a number of candidates for this use including: hippocampal or total brain volume, FDG PET uptake, amyloid imaging, and CSF amyloid and tau 3) As "predictors" of future decline and conversion to AD ( the same as mentioned previously). These predictors, when used as baseline covariates, can be used to improve power in trials 4) To identify Alzheimer's pathology in normal elders or those with mild complaints or cognitive impairments. The same aforementioned markers are candidates.
The various papers in this special issue all deal with one or another use of such imaging/biomarkers for clinical Alzheimer's trials (1-17)
Ultimately as prevention treatments are worked out, imaging/biomarkers will be used to identify people at risk and also as progression markers/ The ultimately validation will be achieved by following subjects to conversion (to MCI or dementia) and finally pathological validation with autopsy. Ultimately, early intervention trials will be performed on normal elderly subjects, or subjects with mild cognitive complaints, using imaging/biomarkers to select subjects at high risk for AD pathology, and as outcome measures to detect treatment effects. The value of the biomarkers will be validated by following such subjects long term to determine cognitive decline, conversion to dementia, and pathological confirmation at autopsy. This is the path to the prevention of Alzheimer's disease.
